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Potelunas, Meixner and Hardy (1) suggested the possibility that the pain threshold was
not uniform in all areas of the body when they found wide variation in such thresholds in
normal and pathological skin. Bishop (2) reported that the number, distribution and acces-
sibility of the sensory receptors of the skin varied in different areas. The cutaneous sensory
threshold was shown by the author (3) to be influenced by the number, distribution and
accessibility of the sensory receptors.
The effect of syphilitic lesions on the sensibility of the skin was studied by Ollendorf (4)
and by Mayr (5) both of whom found increased sensitivity in the lesions. The study of pain
thresholds with thermal radiation in diseases of the skin by Potelunas, Meixner and Hardy
(1) revealed that 1) the pain threshold tends to remain unaltered by skin disease, 2) raised
pain thresholds were caused by thickened skin and 3) hyperexcitability of the superficial
pain endings may account for lowered pain thresholds.
The following investigation was undertaken to study the relationship of body site and of
diseases of the skin to the cutaneous sensory threshold by means of the high frequency
square-wave current. The apparatus and the basic principles for the use of the square-wave
current are described in previous reports (3, 6).
TECHNIC
Inasmuch as a standard variation for cutaneous sensory thresholds has not
as yet been determined by this electrometric method, it was decided in the study
of body sites to use a standard area for each individual and to compare the
threshold in other body sites with the sensory threshold measurement of the
standard area. The right forearm about 2 inches below the antecubital fossa
was chosen as the standard area because of its easy accessibility for applying and
removing electrodes. The active (positive) electrode was a 2 inch square of lead-
tin material lined with tap-water moistened filter paper. The 2 inch square was
previously shown to be preferable to other electrode dimensions for threshold
studies with this apparatus (3). The dispersing electrode was larger and of the
same materials as the active electrode and was applied to the left arm.
The current interval (duration of current in each cycle) was kept at half
cycle duration (maximum) and the threshold was obtained either by keeping
voltage fixed and varying the frequency, or by fixing the frequency and varying
the voltage. Whichever factors were fixed or variable when applied to the
standard area in an individual were similarly fixed or variable at other body sites
in the same individual. The variable factor (frequency or voltage) was manipu-
lated so that the stimulus intensity was gradually increased until the patient
reported the first perception of sensation in the skin area covered by the active
* From the division of Dermatology, Yale School of Medicine.
Presented at the Twelfth Annual Meeting of the Society for Investigative Dermatology,
Inc., Atlantic City, N. J., June 7 & 8, 1951.
447
448 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
electrode. In cases of doubt the stimulus was increased slightly beyond this point
and then gradually decreased to the point of minimal sensation. The patients
were all very cooperative and there was seldom any difficulty in their under-
standing of what was requested even with language barriers especially after the
procedure was once tried. The frequencies employed ranged from 11,000 cycles
per second to 25,000 cps, and peak voltage ranged from about 150v to 250v.
TABLE I
Cutaneous sensory thresholds in different body areas in relation to the threshold in the right
forearm (standard) area
CUTANEOUS SENSORY IRRESHOLD
BODY SITE ____________________ _________ ________
Higher Same Lower Total
Scalp 1 1 2
Forehead 2 2
Temple 1 1
Face (cheek) 1 2 3
Lip (upper) 1 1
Neck (lateral) 1 2 1 4
Neck (posterior) 1 1
Chest (antero-lateral) 2 2
Sternum 1 1
Abdomen (lower) 1 1
Back (upper) 2 2
Arm (upper) 2 2
Forearm (left) 1 1
Wrist (anterior) 2 2
Hand (dorsum) 4 2 6
Palm 4 1 5
Fingers (palmar) 1 1
Thigh (anterior) 1 1
Leg (lateral) 5 5
Ankle (lateral) 1 1
Instep 1 1
17 12 16 45
38% 26% 36%
The same technic was followed in the threshold measurements of pathological
areas except that in this study a contralateral or adjacent normal area was used
as the control rather than the right forearm area.
RELATIONSHIP OF BODY SITE TO SENSORY THRESHOLD
Table I shows the results of sensory threshold measurements on 21 different
body sites. There were 45 patients in this series. Clinic time permitted only one
area per patient to be tested. In 74% of the areas measured the threshold was
either higher or lower than that of the standard area. Although the number of
measurements taken for each body site were too few to warrant definite conclu-
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sions concerning the sensory threshold of any particular area, certain regional
tendencies were observed which merit consideration.
Leg areas including thigh and ankle, also dorsum of the hands, and the palms
showed a definite tendency for higher thresholds. Scalp, temple, forehead and
face tended to have lower thresholds. The anterior chest, upper arm and anterior
wrist areas showed a tendency for lower thresholds. Neck areas, abdomen and
upper back showed no definite trend.
Richter and Woodruff (7) and Richter, Woodruff and Eaton (8) in their study
of electrical skin resistance found that areas of low electrical resistance were those
most amply supplied with sweat glands. These areas included the face, bald
scalp, axillae, antecubital fossae, palms and plantar areas. Since low electrical
skin resistance would permit easier access of electrical stimuli to sensory re-
ceptors, it is significant that lower sensory thresholds also were found on the
face, bald scalp and on the instep area. The higher thresholds found in the palmar
areas of this series are most probably due to the thickening and callosities of the
palms which most clinic patients have. Hardy, Wolff and Goodell (9) reported
that callouses caused the pain threshold to be raised. Potelunas, Meixner and
Hardy (1) found that thickened skin may cause raised pain thresholds. The leg
areas and the dorsum of the hand where the skin is apt to be thicker than the
standard area also showed a definite tendency to have higher thresholds. Thinner
skinned areas such as the anterior wrist and upper arm as well as the face and
scalp areas showed tendencies for lowered thresholds. Bishop (2) found that
when the skin is closely shaven or the epidermis removed with sandpaper the
electrical threshold is considerably lowered. He ascribes this to increased accessi-
bility of the sensory receptors when protective layers of keratin are removed.
It was concluded that a) the sensitivity of the skin is not uniform over the
body surface, and b) the accessibility of the sensory receptors as influenced by
skin thickness and electrical skin resistance, determines the level of the sensory
threshold of normal skin to electrical stimuli.
RELATIONSHIP OF SKIN DISEASES TO THE SENSORY THRESHOLD
Sixty-seven patients with 19 different skin diseases were studied for the re-
lationship of the lesions to the sensory threshold. Table II shows that the number
of unchanged thresholds (48%) was greater than that of the raised (43%) or
lowered (9%) thresholds. The number of cases of each disease, with the possible
exception of the chronic eczemas, were too few to base any conclusions regarding
the sensitivity of any individual disease. Of the chronic eczemas, sensory thresh-
olds were found in all three categories. It is probably safe to assume that this
might also occur with all of the disease entities if enough cases of each were
studied. However in those diseases where the number of raised thresholds was
relatively large (burn scar, chronic eczemas, psoriasis) some manifestation of skin
thickening such as hyperkeratosis, lichenification, etc. was usually present. Yet
the reverse, denudation or thinning of the skin was not a prominent feature of
the diseases in which lowered sensory thresholds were found. Could it be that
pathology of the skin basically tends to increase the excitability of the sensory
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receptors, but that thickening of the skin supervenes to raise the sensory thresh-
old to normal and above normal?
From the above data it was concluded that:
a) The cutaneous sensory threshold in diseases of the skin is most apt to be
found unchanged.
TABLE II
Cutaneous sensory thresholds in pathological areas in relation to thresholds in contralateral or
adjacent normal skin areas
DIAGNOSIS
CUTANEOUS SENSORY THRESHOLD
-
Raised Unchanged Lowered Total
Acne vulgaris 1 2 3
Alopecia areata
Alopecia cicatrisata
Basal cell tumor
1
1
1
3 4
1
1
Burn scar 3 3
Dermatitis herpetiformis
Dermatophytosis
Eczema, acute
Eczema, chronic*
Eczema, stasis
Eosinophilic granuloma
Folliculitis barbi
12
1
2
3
13
1
1
2
1
2
1
1
2
3
27
3
1
2
Hemangioma, adult
Herpes zoster
Keratosis senilis
1
3
1
1
3
1
Lichen planus
Lichen vidal
1 1 1
1
3
1
Psoriasis 6 6
Rosacea 1 1
29 32 6 67
43% 48% 9%
* Allergic eczema, seborrheic eczema, nummular eczema and neurodermatitis were in-
cluded as chronic eczema for evaluation as a group because of clinical and pathological
similarity.
b) Thickening of the skin may cause a raised sensory threshold.
c) Lowered sensory threshold in a lesion is probably caused by hyperexcit-
ability of the sensory receptors in the pathological area.
SUMMARY
Cutaneous sensory threshold stimulation with high frequency square-wave
current through a 2 inch square active electrode was applied to normal skin of 21
different body sites, and to lesions of 19 different skin diseases. The sensory
threshold of any body site of an individual was compared to the sensory threshold
of the right forearm (standard) area of the same individual. Forty-five patients
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were studied in this manner. Sensory threshold measurements of pathological
areas of 67 patients were compared to similar measurements on contralateral or
adjacent normal skin areas. Results are as follows:
1) The sensory threshold of normal skin of 74% of the body sites were either
higher or lower than the sensory threshold of the respective standard.
2) Forty-eight percent of the pathological skin areas had unaltered sensory
thresholds; 43% had raised and 9% had lowered sensory thresholds.
CONCLUSIONS
1. The cutaneous sensory threshold is not uniform in all body areas.
2. The cutaneous sensory threshold is most apt to be found unchanged by
disease of the skin.
3. Based on the concept that the sensitivity of the skin to electrical stimuli
depends, other factors being equal, on the accessibility of the sensory receptors,
the threshold measurement would be primarily influenced by the thickness of
the skin layer between the electrode and the sensory receptors. Secondary factors
of influence may be electrical skin resistance and the state of excitability of the
sensory receptors.
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